TOTAL CEMENTATION                                  211

of centimeters thick, intended to fill the cracks which may eventually be
formed during the heating of the furnace, so as to prevent oxidizing gases
from penetrating into the cementation boxes and impeding the carburization
of the iron. Above the refractory earth is placed a layer of carbon in coarse
powder and fragments (or of any other solid cement), 5 to 8 cm. thick,
on which is placed a first layer of the iron objects to be cemented. The shape
most commonly adopted for these is that of flat bars 10 to 20 mm. thick by 50
to 100 mm. wide; the bars must be about 10-20 cm. shorter than the cemen-
tation boxes in order that between their ends and the walls of the boxes a
sufficient quantity of carbon may stay, even when the bars have expanded as a
result of the high temperature of the furnace. The bars of iron must be placed
flat and carefully surrounded by the cement; they must not touch each other,
nor touch the walls of the boxes.

On the first layer of iron bars is placed a second layer of carbon, i to 3 cm.
thick; on this a new series of bars; then more carbon, and so on in this way
until the last layer of carbon reaches to within 10 cm. of the upper edge of the
box; then the whole mass contained in the box is covered with a layer of
already-used cement, and on this is placed a last layer of a refractory powder
capable of preventing the access of furnace gases into the interior of the box.
Usually, this is the powder formed when pieces of steel are polished or steel
utensils are sharpened on siliceous grindstones. This powder is composed of
grains of silica mixed with particles of steel, and possesses the property of
agglomerating or sintering at the temperature of the cementation furnaces,
forming a mass impermeable to gases. This property is probably due to the
fact that the particles of steel are oxidized by the action of the furnace gases
and form with the silica a partially fusible slag which cements to each other
the particles forming the rest of the mass. In many cases simple refractory
clay is used for the same purpose. The covering is usually completed with a
layer of refractory bricks.

When wood charcoal is used as cement, in the form of powder mixed with
small grains the size of peas, the charge is usually made in the proportion of
35 to 45 liters of carbon to 100 kg. of iron. Taking into account the
space occupied by the "bottom" of refractory earth and the "cover"
of earth and bricks, the space occupied by the iron bars rarely exceeds 35%
of the total available space in the boxes.

The trial bars, called spies, are placed in the boxes by introducing them
through the holes which we saw were made for this express purpose in the
outer walls of the boxes and (corresponding with the former) in the outside
walls of the working chamber of the furnace. They are put in place during
charging when the charge has reached the level of these holes.

The charging of the boxes being finished, the furnace is closed. This, in
furnaces with fixed boxes, consists in walling up the working doors and luting
with refractory clay the interstices around the trial bars. Then the fires